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Ultraviolet (UV) radiation suppresses certain inunu-
nologic responses, such as contact hypersensitivity 
(CH). Some previous studies, using sunlamps emit-
ting nonsolar-spectrum UV or excessive UV doses, 
have questioned the ability of sunscreens to prevent 
UV -induced immune suppression. Our study evalu-
ated the immune protection capacities of commercial 
sunscreen lotions in relation to the effects of UV 
spectrum and dose. C3H mice were exposed to a fixed 
UV dose from Kodacel-filtered FS sunlamps that 
caused maximum Langerhans cell depletion and sup-
pression of CH. Kodacel film blocks UV energy below 
290 nm, thus eliminating immune-suppressive effects 
ofUVC (200-290 nm) not present in sunlight. CH was 
' equally suppressed in unprotected and placebo-lo-
tion-treated, UV -exposed mice. Mice protected with 
sun protection factor (SPF)-15 and SPF-30 sunscreens 
mounted normal CH responses. SPF-4 and SPF-8 
, u ltravio let (UV) .radiation caus.es sunburn, photoag-
ing, actinic keratosis, and skin cancers. Acute UV 
exposure can alter various immunologic mecha-
rusms, which depress certain immune responses 
that affect the ~ility of UV-exposed animals to 
eliminate infectious pathogens, reject skin cancers, and mount both 
delayed-type hypersensitivity and contact hypersensitivity (CH) 
reactions [1-3]. Although sun screens prevent sunbum [4], photo-
' aging [5,6], DNA damage [7-9], and UV carcinogenesis [10-12], 
there are conflicting reports regarding their efficacy at preventing 
UV-induced immune damage [13- 31]. Critical variations in exper-
imental protocols have led to th ese conflicting results. For example, 
several studies reporting the inability of sunscreens to prevent 
UV-induced immune suppression used nonconunercial sunscreen 
preparations [13,25-27] or sunscreens having low sun protection 
factors (SPFs) [13,14,20-23,25-27] . Most of these studies also used 
artificial UV sources that emit nonsolar spectral UV energy 
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sunscreen-protected mice had CH responses signifi-
cantly greater than those of unprotected mice. Direct 
effects of UV spectral differences on the immune 
protection value of an SPF-15 sunscreen were deter-
mined by exposing mice to UV radiation from unfil-
tered and Kodacel-filtered sunlamps and a 1000-W 
xenon lamp solar simulator (UV spectrum nearly 
equivalent to sunlight). The sunscreen immune pro-
tection value was 30 times the minimum immune 
suppression dose for the solar simulator, while being 
7.5 times this dose for Kodacel-filtered and 2 times 
the dose for unfiltered sunlamps. These results dem-
onstrate that commercial sunscreen lotions prevent 
UV -induced immune suppression at a level exceed-
ing the labeled SPF when tested with an environmen-
tally relevant UV source. Key words: immunitylsut~block. 
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[13,14,20-22 ,25-27], rendering the results irrelevant for extrapo-
lation to humans exposed to sunlight. 
This study was designed to control critical experimental param-
eters to obtain more accurate immw'le-protection m easurements of 
sunscreens relative to human sun exposure risks. Ten commercial 
sunscreen lotions with a range of labe led SPF values from 4 to 30 
were evaluated for their ability to prevent local suppression of CH 
responses in UV- exposed C3H/HeN mice. Kodacel-filtered FS20 
sunlamps were ch osen for initial sunscreen evaluations because they 
provide a UVB energy spectrum (290-320 nm) nearer to tbat of 
natural sunlight [32]. Subsequent comparisons of the effects of 
different UV energy spectra on the immune-protection efficacy 
of an SPF-15 sunscreen were made by exposing mice to unfiltered 
and Kodacel- filtered FS sunlamps, and a 1000-W filtered xenon arc 
lamp solar sim ul ator. Our results demonstrate that commercial 
sunscreen lotions effectively prevent UV-induced immw1e suppres-
sion in mice. Furthennore, the immune- protection values of sun-
screens exceed their labeled SPFs when tests are conducted with 
artificial UV sources that produce UV energy spectra n earer to that 
of sunlight. 
MATER.IALS AND METHODS 
Animals Female C3H/HeNHsd mice (Harlan Sprague Dawley, Inc., 
Indianapolis, IN) were age-matched (6-8 weeks old) at the initiation of 
each experiment. They were housed five per cage with free access to food 
and water. The institutiona.l animal use and care committee approved all 
animal care protocols and experimental procedures according to the 
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National Institutes of Health G~tidcfor tile Care a11d Use of Laborat01y A11i111als 
(publication 85-23, 1985). 
UV Radiation Sources Three UV sources were used: unfiltered FS20 
sunlamps (FS), Kodacel-filtcred FS20 sunlamps (KFS), and a solar simula-
tor. The FS source consisted of a bank of nine Westinghouse FS20 
sunlamps. To configure the KFS source, we placed a sheet of 0.005-inch-
thick Kodacel TA407 cellulose triacetate film (K6808; Eastman Kodak, 
R.ochester, NY) below the FS20 su11lamps to block UV energy below 290 
nm. T he solar simulator was a 1000-W ozone-free xenon arc lamp 
equ.ipped with a dichroic mirror, 1-mm WG320 filter, and 1-mm UG1 1 
fi lter. The UV energy spectra for these UV sources have been published 
[32]. 
In initial experiments, the dose of UV radiation del.ivered from KFS was 
calculated using a model UVX digital radiometer with a UVX-31 sensor 
(Ultra-Violet Products, lnc., San Gabriel, CA). Tlus is a full-range UVB 
sensor with a peak response at 315 nm and one-half power points at 278 nm 
and 330 nm. !J1 experiments comparing the effects of diffe rent UV sources, 
UV doses were automatically controlled. UV inad.iance was measured by an 
IL-1700 radiometer (Intemational Light, Inc., Newburyport, MA) eqwpped 
with an SED 400 detector. Tlus detector, with a quartz wide-eye diffuser 
and neutral density fi.lter, responds almost equally across the UV spectrum 
of 250-400 run. The radiometer was interfaced with a computer that was 
programmed to deliver a specified UV dose through controlling the lamps 
by either tuming off the power (FS and KFS) or closing a shutter to block 
the UV beam (solar simulator). Exposure conditions and UV doses for 
specific experiments arc given in the table footnotes and figure legends. 
UV Irradiation Procedure A 0.5-inch2 area on the back of each mouse 
was shaved with electric c(jppcrs, and the ha.ir was removed completely by 
applying a commercial depi latory lotion (Nair; Carter Products, New York, 
NY). Animals rested 72 h before subsequent experimental procedures. For 
exposure to FS and KFS, mice were kept in their cages positioned at a 
distance of 17 em below the bulbs. For solar simulator exposure, a group of 
five mice was transferred to a cyHndric polypropylene holder placed on a 
rotating platform positioned in the center of the UV beam at 2 m from the 
lamp's beam exit port. Exposure doses were timed in experiments moni-
tored with the UVX rad iometer. When UV doses were computer con-
trolled, the radiometer's UV detector was positioned in the solar simulator 
UV beam or under the FS and KFS sunlamps at the same level as the mice. 
Sunscreens Ten comm ercial sunscreen lotions from four different man-
ufacturers we.rc eva luated. Letter designations used to identify the sun-
screens, their labeled SPFs, and percentage of active ingredients (if known) 
are as fo llows: lotion A, SPF- 4, 3.5% octyl methm.:ycinnamate and l% 
oxybenzone; lotion B, SPF-8, 7% octyl methoxycinnamate and 2% oxy-
benzonc; lotion C, SPF-15, 7.5% octyl methoxycinnamate and 4% oxyben-
zone; lotion D, SPF-15, 8'!/o padimate 0 and 4% oxybcnzone; lotion E, 
SPF-15, c etyl methoxycinnamate and o>:ybenzonc; lotion F, SPF-15, 
padimate 0, octyl mcthoxycinnamate and oxybenzone; lotion G, SPF-15, 
7 .5°/,, octyl methoxycinnamate and 4% oxybenzone; lotion 1-1 , SPF-15, cetyl 
methoxycinnamate and oxybeuzone; lotion I, SPF-15, 7.5% octyl metho,.:y-
ciru1amate and 4.5% oxybcnzone; and lotion J, SPF-30, 7.5% octyl me-
thoxycinnamate, 5% octyl saEcylatc, 5% bomosalate, and 4'V., oxybenzone. 
A sham control placebo lotion without sunscreen active ingredients was 
prepared by the product pilot laboratory at Schering-Plough HcalthCarc 
Products (Memphis, T N) . Placebo and sunscreen lotions were applied 
10-20 nlin before UV exposure in the amounts specified in the figure 
legends. 
Immunoperoxidase Staining of Epidermal Langerhans Cells The 
stain.ing procedure for identification of Ia + Langerhans cells has been 
published [33].13rieAy, epidermal sheets fi·om the backs ofUV-exposed and 
non-UV-irradiated nucc were obtained by incubating skin biopsy specimens 
in 5 ml of 26 mM ethylenedianunetctraacetic acid in phosphate-buffered 
sa line (PBS). The sheets were sta.ined with a rat monoclonal antibody, 
M5 / 114 (American Type Culture Collection, Rockville, MD), raised 
against mouse Ia (34]. A section of each sheet was also incubated with rat 
serum diluted 1:100 in PBS (negative control) . A peroxidase-conjugated 
goat anti-rat lgG diluted 1:50 in PBS (Cappel , Organon Teknika, Corp., 
Durham, NC) was used to bind tissue-bound primary rat antibody. 
Diaminobenzidi.ne-nickel developing substrate (Zymed Laboratories, 
Inc ., South San Francisco, CA) was used to locali ze tissuc-bolmd peroxi-
dase-conjugated second antibody, thus staining !a-expressing cells dark 
brown. Stained sections were mounted on a glass microscope s(jde under a 
glass coverslip. Ia+ cells were enumerated using an Optimax Digital Video 
Image Analyzer (Microvideo Systems, Hollis, NI-l) coupled to a Zeiss 
Axioplan M.icroscope (Carl Zeiss, Thomwood, NY) and interfaced to an 
IBM-XT computer. The Ia + cells in 10 microscopic fields (0.04202 
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Table I . Comparison of UV Doses Delivered by KFS to 
Cause Langerhans Cell Depletion and Local Suppression 










1321 :!: 25 
637 :!: 25 (52%) 
217 :!: 13 (84%) 
155 :!: 12 (88%) 








"C3H/HcN mice received I .8 kj/rn2 UVB (as measured with the UVX radiometer) 
daily cxposu.rcs from KFS given on J, 2 , 3, or 4 consecutive days. Control, 
non-UV-exposed mice (0) had their hair removed as did UV-cxposed mice. Animals 
were sedated with chloral hydrate (sec Nlaterials nnd !vletlwtls). and their heads and tails 
were covered with alun1.inum foil during UV exposures. 
v The immunopcroxidasc staining method for enumeration of h1 + Langer hans cells 
is described in l'vlatcrillls awl Metltocls . Epidermal sheets were obtained from five animals 
in each of the treatment groups. The mean :t SEM of Ia+ cclls/mm2 of epidermis 
was calculated by averaging the total number of cells counted in 10 microscopic 
fields/sheet of the five cpidcnna1 sheets in each experimental group. Percentage 
L;:mgcrhans cell depletion (in parcutl~eses) was calculated by dividing the rnea.n 
Langerhans cell density of the UV -exposed mice by the mean density in the untreated 
control rnicc. multiplied by 100. 
r The DNFD sensitization and C H elicitation protocol is described in Atfaterinls atrd 
Mctlwds . The percentage suppression of Cl-1 responses in UV -exposed mice compared 
with non-UV-exposed controls was detcnnincd by the formula given in A4nterinl.s and 
Methods. Each trea tment group consisted of five mice. 
mm2 /field) of each section were counted at 400 X mag•Ufication. Data are 
presented as the number of Ia + cells/mm2 of epidermis. Cell staining was 
not observed in the negative controls. 
Evaluation of CH Reactivity The procedure for sens1t1zmg mice to 
dinitrofluorobcnzene (DNFB) has been pub(jshcd [35]. Briefly, 25 JLI of 
0.25% DNFB (Sigma C hemical Co., St. Louis, MO) in acetone and olive oil 
(4:1) was applied to the exposed back skin of the mice on 2 consecutive days 
after UV irradiation. Four days after sensitization , 10 JLI of 0.25% DNFB 
was app(jcd to the right ear pinna of each mouse. After 24 h, the tlucknesses 
of the left (unchallenged) ear and the right (DNFB-challcnged) car were 
measured using an engineering micrometer (Peacock SPI 21 - 355) . Animals 
were sedated for ear measurements by intraperitoneal injection of200 JLI4% 
chloral hydra'te (Sigma Chemical Co.) in PBS. Two groups of non-UV-
exposed controls were included in each experiment. Negative controls were 
not sensitized before DNFB car cha llenge, and positive controls were 
DNFB sensitized and ear challenged along with the UV-exposed mice. 
These controls establish the m.inimum inflammatory and ma.ximum CH 
ear-swelling responses, respectively. 
DNFB-elicited ear-swelling responses, expressed in muts of 10- 2 mm, 
were deternuncd by subtracting the th.ickness of the unchallenged ear from 
that of tl1c cha llenged ear. Data are presented as the mean :!: SEM 
car-swelling muts for each experim ental group. The percentage suppression 
of the CI-1 response in d1e different b'Toups of UV-exposed nuce was calcu-
lated using the formula: percentage suppression = [1 - (Exp - Neg)/(Pos -
Neg)] X 100, where Exp is d1e mean ear-swelling response measured in the 
UV-cxposed, DNFB-sensitized, and challenged nuce; Pos is d1e mean ear-
swelling response measured in the non-UV-exposcd, DNFB-sensitized, and 
challenged positive control group; and Neg is the mean car- swelling response 
measured in d1e non-UV-exposed, DNFB-challenged only, negative control 
group. 
Statistical Analysis Ear-swci(jng response and Langerhans cell density 
data were ana.lyzed by one-way analysis of variance using the DOS version 
ofStatgraplucs 4.0 software (Manugistics, Inc., Rockville, MD). Statistically 
significant differences between the experimental and control groups are 
inferred at p ,;:: 0.05. 
R.ESULTS 
Establishing a UV -Irradiation Protocol to Induce Local 
Suppression of CH in C3H Mice With KFS KFS have not 
been used previously to induce local-type suppression of CH in 
mice, i.e., the experimental model in which nuce are sensitized 
through UV-exposed skin [36] . Therefore, a dose-response study 
was conducted (Table I) to identifY a sufficient UV dose to both 
render C3H mice unresponsive to DNFB-elicited CH reactions and 
to cause Langerhans cell depletion, the suggested mechanism 
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Figure 1. Sunscreens, relative to their labeled SPF, prevent UV-
induced local immune suppression ofCH in C3H mice exposed to 
UV radiation from KFS. C3H/HeN mice were irradia ted on 2 consec-
utive days with KFS. Daily UV exposure doses were 1.8 kj/m2 UVll . 
calculated from UVX radiometer measurements. Animals were sedated 
with chloral hydrate (see Mntcrinls mul Methods), and their heads and tails 
were covered with aluminum foil during UV exposures. Placebo and 
sunscreen lotions were applied at 4 mg/cm2 10-20 min before UV 
e:,..'po sure. Descriptions of the sunscreen lotions and details of the CH 
sen sitization and e lic itatio n protocol arc given in M ntclials aud Methods. 
Statistically significant differences (p ,.:; 0.05) in CH responses between 
groups are indicated as foll ows: *the CH response was less than that of the 
positive control group (sensitized/challenged); tthe CH response was less 
than that of the positive control group but greater than that of the 
unprotected UV-irradiated group (UV). All experiments were conducted 
with five mice per group. Data represent the combined results of three 
separate experiments. 
responsible for local suppression ofCH [37] . A daily UVB eA'}JOSure 
o£1.8 kJ/m 2 (based on UVX radiometer m easurem ents of predom-
inantly UVB, 278-330 mn , which is equivalent to about 4 k) / m 2 
based on fuU UV spectrum m easurem ents, 250 -400 nm , with the 
IL-1700 radiometer) give n on 2 consecutive days caused 84% 
depletion of Ia + epidermal cells (presumably Langerhans ceUs) . A 
single UV exposure depleted Langerhans cells by only 52%, 
w hereas three and four exposures (given on consecutive days) 
reduced Langerhans cell d ensities 88% and 92%, respectively. Jn 
comparison, CH responses w ere suppressed 77% after a single UV 
exposure, but increasing the number of UV exposures to two, 
three, or four consecutive days did not cause further depression in 
CH responsiveness (Table I). Because two consecutive daily 
exposures ca used near-maximum levels of both Langerhans cell 
depletion and local suppression ofCH, tlus irradiation schedule was 
cho sen for the initial expe riments to evaluate sunscreen immune-
protection capac ity. This dose of UVB is consistent with and in 
some instances lower than those u sed in previous studies employing 
FS [13-15,18,20-22,24-28,30,3 1]. 
Sunscreens Prevent UV-Induced Immune Suppression 
Ten sunscreens ranging from SPF- 4 to SPF-30 we re evaluated for 
their ability to block immune suppression ofCH in nuce exposed to 
KFS. All UV-irradiated animals, w hether unprotected or protected 
with a placebo or sunscreen lotion, were exposed to two consec-
utive fixed daily doses of UVB . Figure 1 shows that the levels of 
immune suppression in the placebo-lotion-trea ted and the unpro-
tect e d UV-exposure groups were equivalent. In comparison , nuce 
protected by SPF-4 and SPF- 8 sunscreen lotions mounted C H 
responses that were significantly greater than those of the unpro-
tected and sham (piacebo lotion) control gro ups. Animals protected 
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Figure 2. Sunscreen lotion applied to mouse skin in the amounts 
specified for human SPF testing provides complete imntune pro-
tection against exposure to KFS UV radiation. Varying amounts of 
SPF-15 sunscreen lotion C, as specified above, were applied to the denuded 
back skin of C3H/HeN nuce 10-20 min before exposure to KFS UV 
irradiation . R efer to Fig 1 legend fo r descriptions of the UV-irrad.iation 
procedure, protocol for CH sensitization and elicitation, and statistical 
ana lysis. Each tream1ent group consisted of five mice. 
with SPF-15 and SPF-30 sunscreens mounted C H responses that 
equal ed those of the non-UV- irradiated positive control mice. 
Sunscreens Applied in Amounts Specified for Human SPF 
Testing Prevent UV-Induced Immune Suppression In th e 
afore mentioned experiments , the placebo and sunscreen lotions 
were applied at 4 mg/cm 2 • Although this is lugher than tl1e amount 
recommended for sunscreen product SPF testing in humans [38], 
this was a re latively low application dose considering that at the 
time these experim ents were initiated, the amount of sunscreen 
u sed in publish ed animal studies ran ged from approximately 15 to 
25 mg/cm 2 [13-17] . Jn th e o ne exception , th e indicated sun screen 
application d ose was " approximately 2 [.Lllcm 2 " [20] . Data pre-
sented in Fig 2 address tl1is issue by comparing tl1e immune-
protection capacities ofSPF- 15 sunscreen lotion C when applied at 
different amounts. Complete immune protection was provided to 
mice exposed to KFS UV radiation when sunscreen was applied at 
e ither 4 m g/cm 2 or 2 mg/cm 2 . Application of sunscreen at 1 
mg/cm 2 did not provide immune protection. T h ese data show that 
when sunscreens are applied in the amount specified for human SPF 
testing (i .e., 2 mg/cm 2 ) , th ey provide immune protection . 
Spectral Distribution of UV Energy Affects the Immune-
Protection Efficacy of Sunscreens T h e majOL;ty of previous 
sunscreen immune-protection studies were conducted with unfil-
tered FS-type sunlamps [13-15 ,18,20-22,24 - 28,30,31]. T he UV 
spectra of these sunlamps are sigtufica.ntly diffe rent from that of 
sunlight [32] . R eported deficien cies .in sunscreen immw1e protec-
tion are most likely associated with the u se of UV sources that 
deliver )ug h amounts of immune-suppressive, envi.romnentally 
irre levant UVC and UVB energy b elow 295 nm. A comprehensive 
study was thus conducted to compare tl1e effects of UV spectral 
diffe ren ces on the immune-protection level of SPF-15 sun screen 
lotion C w hen applied at 2 mg/cm2 . Sunscreen- protected mice 
were exposed to increasing amow"lts of UV radiation delivered 
from FS, K.FS, and tl1e solar simulator. UV doses were based on a 
preliminary dose-response study* that es tablished th e minimum 
• R oberts LK, Beasley DG: T he role of sunscreens in preventing 
ultraviolet radiation-induced immune suppression (abstr) . J bii'CSt Den11ntol 
l 02:665, 1994. 
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F igure 3 . Sunscreen immune-protection levels are affected by the 
spectral distribution of UV energy emitted by the UV source. 
C3 H/HeN mice protected with SPF-15 sunscreen lo tion C applied at 2 
mg/cm2 were exposed to incrementally increased MJSDs of UV delivered 
from FS (ope11 bars), KFS (slladcd bars). and solar simulator (solid bars). T he 
MJSD was defined as the lowest UV dose given to induce approximately 
50% depression of the CH response in UV-exposed mice compared with the 
normal CH response in positive control mice (UV 1 X MISD) . T he MISD, 
based on full-spectrum UV energy measurements with the lL-1700 radi-
ometer, fo r each of the UV sources is 0.25 kj/m2 for FS, 0.9 kj/m 2 for KFS, 
and 1.35 k]/m2 for solar simulator. UV doses were automatically controlled 
by a computer linked to a UV-monitoring radiometer (sec Materials a11d 
Metllods). For a given UV source, sunscreen-protected mice were exposed 
to a succession of increasin g UV doses based on 2X multiples of the MISD , 
ranging from 2 to 60 MlSD, until the observed immune suppression ofCH 
responsiveness was statistically less than that of unprotected UV -exposed 
controls. Mice were not sedated during UV exposure; hence their ears and 
tails were protected ~th sunscreen. Data are presented as the percentage of 
the CH response for each experimental group relative to that of the positive 
control. T he data presented in this figure are combined from separate 
experiments. T here were five mice per group in each experiment. Critical 
data points in each experin1ent were repeated at least twice. Statistically 
significant differences (p ::5 0.05) in CH responsiveness between groups 
were calculated from raw data accumnlated from individual experin1ents 
and are ind.icated as fo llows: *the CH response was less than that of the 
positive control group; trhc CH response was less than that of the positive 
control group but greater than that of the unprotected UV-irradiated group 
(UV 1 X MJSD); §the C H response was less than that of the unprotected 
UV-irradiated group . 
immune suppression dose (MISD) for each UV source as follow s: 
0 .25 k]/m2 for FS, 0.90 kJ / m 2 forKFS, and 1.35 kJ/m 2 for the solar 
simulator. The specifi ed MISD were for full-spectrum UV energy 
of each source, as m easu red with the IL-1700 radio m eter and SED 
400 detector. The MJSD was defined as the lowest UV dose given 
to induce approximately 50% depression of the C H response in 
UV-exposed mice compared with th e normal CH response in 
positive control nuce . CH responses for various unprotected and 
sunscreen-protected groups of mice are presented in Fig 3. These 
data show that the levels of immune protection provided by 
sunscreen lo tion C in re lation to UV source are solar simulator > 
KFS > FS. T hat is, this sunscreen provide d protection of up to 30 
times the MISD for mice exposed to solar-simulator UV radiation . 
In contrast, sunscreen-treated mice were protected to levels of only 
7.5 times the MlSD and less than 4 times the MISD when exposed 
to KFS and FS UV radiation, respectively. 
DISCUSSION 
T lus study d emonstrates the ability of sunscreens to prevent 
UV- induced immune suppression of CH responses in nuce. Al-
though it has been suggested that sunscreens are inadequate in 
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preventing UV-induced immune suppression [13 ,14,20 - 22,25-27], 
our data clearly show that regardless of the combination of active 
i11gredients tested, sw1screens prevent immune suppression in ani-
m als exposed to UV radiation with a spectral en ergy distribution 
similar to that of sunlight. T hese findings are consistent with those 
of Morison et a/ , who reported that an SPF-8 sunscreen provided 
complete protection against UV- induced suppression of CH [1 6] 
and tumor immunity [17] in mice exposed to sunligh t. T h e 
estimated dose of solar UV energy that the animals received in these 
studies [1 6,17] was more than 10 times the human milumum 
erythema dose. 
In previous studies [13-15,1 8,20 - 22,24 - 28 ,3 0,31 ], the immune-
suppressive effect ofUVC energy (wavelengths 200-290 nm) from 
unfiltered FS-type sunlamps was ignored . UVC e ffects cannot b e 
disregarded when extrapolating experimental data to humans, 
because the biologically effective UV spectrum of sunlight does not 
extend below 295 nm. Learn et a/ [3 2] have shown that UVC 
emitted by FS, although representing only approximately 3% of the 
total UV spectral en e rgy, contributes about 10% of the effective 
en ergy to induce mouse skil1 edema and 11 o;., to 16% of the effective 
energy to i11duce human erythem a. Based on an immune-suppres-
sion effectiven ess spectrum derived from the Elmets el a/ UV action 
spectrum [39], we d etermined that UVC from FS contributes 
nearly 18% of the UV energy to induce local immune suppression 
of CHin C3H mice (Learn DB, Beasley DG, Giddens LD, Bread J, 
Stanfield JW, Roberts LK; manu script in preparation) . Although 
Kodacel filte ring elilninates the bio logi c effects of UVC [3 2] , UVB 
energy between 290 and 295 nm from KFS not present in solar 
sinmlator or sunlight UV spectra contributes 3. 5% of the UV 
energy to induce local immune suppression ofCH in mice (Leam et 
a/, manuscript i11 preparation). 
Other exp erimental param eters contributing to the suggested 
i11e fficacy of sunscreens to prevent immune suppression include : (1) 
using noncommercial sw1screen prep ara tio ns containi11g a single 
active il1gredient [13,25-27], which is not representative of m ar-
keted sunscreens; (2) evaluating sunscreen immune-protection 
e fficacy based on m1related photobiologic end points, e.g., mouse 
skin edema and erythema [20,22,25-31] ; and (3) using UV expo-
sure doses th t exceed the UV- immunosuppressorigenic absorption 
capacity of the sunscreen under ilwestiga tion [13, 14,19-23 ,25-28]. 
It has b een concluded that n o direct relation exists between 
UV-i11duced inflammation (as measured by skin ed ema or ery-
thema) and i111mune suppression in nuce [25- 3 1]. We have re-
ported that the milumum skin edema dose for C3H mice exposed 
to FS is four times greater than the MISD .i" More important, for 
solar- simulator UV radiation , the C 3H mouse minimum skin 
edema dose exceeded the MISD by more than 50-fold . Therefore, 
using UV doses based on skin edem a or eryth ema as the end point 
to evaluate sun screen immune protection, as done by several 
investigators [20,22,25-31], significantly underestimates the true 
immune-protection capacity of sunscreens. R elyi11g on skin edema, 
erythema, or other parameters, some studies [13 ,14,20,22,25-
28,30,31] used relatively lugh UV doses from FS, speculated as 
having minimum immune suppression potential , while in fact the 
doses were three- to 20-fo ld lugher than a human minimum 
eryth ema FS exposure dose [ 40] . 
Fisher el a/ [20] reported that commercial SPF-6 and SPF-15 
sunscreen lotions containing padimate 0 and OJ..')'benzone did not 
preve nt sys te mic-type immune suppression of CH in Skh-1 hairless 
mice exposed to five consecutive d aily e rythemogenic d oses (0. 347 
kJim2 ) of FS UV radiation. Likewise, the SPF- 6 sunscreen did not 
block the i11duction of systemic-type immune suppression of CHin 
Skh-1 h airless mice exposed to five consecutive d aily full UV 
spectral erythemogenic doses (72 kJ/ m 2 ) of solar-silnulator UV 
t Learn Dll, Beasley DG, Giddens LD, Stanfield JW, Roberts LK: 
Ultraviolet rad iation (UVR) doses required for induction of mu.rine skin 
edema and immune suppress ion arc different and are dependent on the 
emission spectrum of the UVR source (abstr). Plwtodemwtol PlwtoitiiiiiiiiiDI 
P/wtomed 10:87, 1994; Learn ct a/, manuscript in preparation. 
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radiation [20]. The UV doses used by Fisher eta/ [20] were 1.4 and 
50 rimes higher than the C3H mouse MISD (Fig 3), based on our 
full UV spectral measurements, for FS (0.25 kJ/m 2 ) and solar-
simulator (1.35 kJ/m 2 ) UV radiation, respectively. Erythema is 
more difficult to detect in C3H mice than in Skh-1 hairless mice; 
however, it is interesting that the minimum skin edema dose for 
C3H mice (70 kJ/m 2) exposed to solar- simulator UV radiation 
(Learn et al, manuscript in preparation) is nearly equivalent to the 
solar-simulator minimum erythema dose (72 kJ/m 2 ) used by Fisher 
et al [20] to conduct their sunscreen immune-protection experi-
ments with Skh-1 hairless mice. Again, these minimum edemogenic 
and erythemogenic solar-simulator UV doses are more than 50 
times higher than the C3H mouse MISD (Fig 3). Cole eta/ [41] 
have reported that edema is both more sensitive than erythema as 
an end point to measure UV responses in Skh-1 hairless m . .ice and 
correlates best with human minimum erythema doses. The inte-
grated effective dose, normalized at 297 nm, was approximately 
0.20 kJ/m 2 for the minimum edema dose for Skh-1 hairless mice 
and the human minimum erythema dose [41]. In tllis regard, the 
solar-simulator Skh-1 hairless mouse erythemogenic UV doses used 
by Fisher et al [20] were more than 300 times higher than the 
minimum Skh-1 hairless mouse skin edema dose and human 
erythema dose [41]. Thus, differences in UV sensitivity between 
mouse strains, UV sources, and dosimetric methods are w11ikely 
explanations for the discrepancies between our results and those of 
Fisher et a/ [20]. Likewise, differences between expetimental mod-
els cannot explain these discrepancies, as Noonan and DeFabo [36] 
have shown that the UV dose-response curves for the induction of 
local and systenlic-type irnmune suppression in mice are identical . 
Our data for sunscreen immune-protection values (Fig 3) clearly 
show that high UV doses, i. e., at least four times the MISD (1.0 
kJ/m2 or greater) for FS and at least 30 times the MISD (40.5 kJ/m 2 
or greater) for solar simulator, will exceed the immune-protection 
capacity of an SPF-15 sunscreen. Although the MISD for Skh-1 
hairless nlice has not been reported, the collective evidence pre-
sented here strongly indicates that the solar-simulator UV doses 
used by Fisher et a/ [20] exceeded the murine MISD by approxi-
mately 50-fold and the immune-protective capacity of the SPF-6 
sunscreen that was tested by more than eightfold . 
Sunscreens have been shown to protect humans against UV-
induced DNA damage [7-9] and Langerhans cell depl etion [18,24]. 
Daily use of high-SPF sw1scrccns (i.e., SPF 17 or higher) prevents 
UV induction of precancerous actulic keratoses [11,12] and, along 
with other sun-protection strategies, significantly reduces the can-
cer risk in xeroderma pigmentosum patients especial.ly when initi-
ated early u1 childhood [ 42]. UV induction of recurrent herpes 
simplex virus lesions in susceptible individuals can be blocked by 
application of a sunscreen directly to the lips [43]. Expetimental 
animal models suggest that UV-induced recurrent herpes si.Jnplex 
virus infections are mediated by immunologic mechanisms [44] . 
Definitive studies in humans showing immune protection by sun-
screens await full publication.:j:§ Relevant to our study, LeVee eta/§ 
reported that an SPF-4 commercial sunscreen lotion provides a 
Jllgher degree of immune protection for humans than would be 
predicted by the labeled SPF. . 
We conclude that much of the reported data suggesting that 
sunscreens are less effective in preventing UV -induced immune 
suppression are due to the use of inappropriate experimental 
models and test procedures. Our findings illustrate some of the 
pitfalls encountered when u1terpreting sunscreen protection data 
obtained from experimental anima l models that did not use either 
an environmentally relevant source ofUV radiation or commercial 
sunscreen lotions. Mismatching UV energy spectra, UV exposure 
:j: Whitmore SE, Morison WL: DNCB sensitization fo llowing UVB 
radiation. Abstract prese11ted at the 2nd Annual Meeting of the Photomedi-
cine Society, December 3, 1993, Wasl1iitgton DC. 
§ LeVee GJ, Obcrhehna~ L, Cowell K , Koren H , Cooper I<D: Effect of 
sunscreen on human immunosuppression by simulated solar radiation 
(abstr). J Itwcst Der111ato/ 1 04:600, 1995. 
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dose, or sunscreen absorption properties has led to inappropriate 
conclusions [13,14,20-23,25-28,30,31). When these experimental 
parameters were considered, as in the present study, tl1e results 
showed that sunscreens do provide adequate levels of immune 
protection. These data demonstrate the importance of using both an 
artificial UV source that enlits a UV energy spectrum approximat-
ing that of sunlight and appropriate photobiologic end points to 
obtain accurate assess1nents of sunscreen efficacy. 
We tha11k ilifr. Riclwrd Robet1s for prepari11g the placebo S1111scree11 /otio11 et~nl11nred 
i11 this study. J!J fe also tha11k Dr. Patricia Agi11, Dr. La11ra Crmze, Dr. Do11g Leam, 
Mr. Riclwrd Robet1s, a11d Mr. Joseph Stmifield, Scheri11g-Pio11gh HealthCare 
Prod11cts, for tlz eir co 11stmcti11e CO IIIIIICIIIS regardi11g this study. Ufe especially 
appreciate the heiJiful diswssio11s aud CO IIIIIIellts of Dr. C 1111is A . Cole, JoiiiZSO II a11d 
JohiiSOII CPI, Skillma11, Nj, regardi11g dosim etzy for elicitatio11 mzd Co111pariso11 of 
UV respcmses i11 hairless 111ice ntzd /11mzalls. We are also gratifrll toM.<. Caroly11). 
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